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Notation 


The  mathematical  model  described  herein  was  developed  using 
mathematical  notation  and  it  is  implemented  in  USASI  TORI’ RAM  (2.0) /MASTER 
used  on  the  CDC-3300  computer.  For  this  reason  the  model  will  be 
described  using  FORTRAN  rules  for  variable  and  constant  names  and  symbols. 
Thus  NCREW,  the  number  of  C-130  air  crews,  is  a  variable  symbol  and  not  the 
product  N#C#R*E,fW.  Multiplication  is  indicated  by  parentheses( )  or  by  an 
asterisk  #;  when  there  is  no  ambiguity,  such  as  2X,  the  asterisk  is 
omitted . 


{} 

0 


Brackets  are  used  to  denote  truncation  to  the  largest  integer 

. .  f 

in  the  expression  between  the  brackets.  Truncation  in  the 
FORTRAN  model  is  done  by  using  integer  variable  names. 

Braces  are  used  to  denote  sets  of  expressions  which  are  between 
the  braces  and  are  separated  by  commas. 

Parentheses  are  used  to  denote  multiplication,  grouping,  or 
subscripts. 

|  0,T  ^  Means  the  minimum  of  the  values  in  the  given  set. 

MAX  |EPKG2,BAGl|  Means  the  maximum  of  the  values  in  the  given  set. 

The  FORTRAN  rule  for  subscripting  will  be  followed;  hence,  Ai 
is  written  as  A(I).  Capital  letters  in  our  alphabet  will  be  used  exclu¬ 
sively  since  they  are  the  only  ones  available  on  the  CDO3300  computer. 

When  a  letter  such  as  p  is  preferable  due  to  common  usage,  it  will  be  called 
by  an  equivalent  such  as  RHO.  Footnotes  are  serially  numbered  and 
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references  in  the  text  are  numbered  in  brackets  C  -  ]  . 


Description  of  ADAPTS 

The  Air  Deliverable  Anti-Pollution  Transfer  System  (ADAPTS)  includes 
aircraft,  aircraft  ground  equipment,  large  moveable  Diesel  driven  pumps, 
hoses,  collapsible  tanks,  and  rnen  with  their  supplies  of  food,  water,  etc. 

A  hypothetical  incident  for  use  of  this  system  would  be:  a  tanker  loses 
propulsion  power  during  a  storm  when  approaching  New  Jersey  from  Venezuela  and 
is  driven  aground  on  a  sandy  beach.  There  is  no  da  rage  but  no  other  ship 
can  approach  it  due  to  shoals.  Barges  are  available  but  the  gathering  and 
towing  of  barges  to  the  tanker  from  New  York  City  and  Wilmington,  Delaware, 
will  require  five  to  seven  days  and  at  least  two  more  days  will  be  needed 
to  lighten  the  tanker  sufficiently  so  it  can  be  floated.  .The  Coast  Guard 

'<if 

and  other  agencies  are  notified.  The  Coast  Guard  decides  t6  use  ADAPTS  after 
evaluating  the  situation  including  the  chances  for  another  storm. 

The  deployment  of  the  system  begins  by  notifying  Elizabeth  City  Air 
Station  (ECAS),  Cape  May  Air  Station  (CMAS),  and  Brooklyn  Air  Station  (BAS). 
BAS  is  nearest  to  the  scene  and  it  is  equipped  with  the  largest  helicopters 
(HH-3F's)  the  Coast  Guard  uses;  BAS  irrmediately  loads  a  pump  and  Diesel 
package  into  a  cargo  sling  and  the  ready  HH-3F  brings  it  to  the  scene  of  the 
g  'aiding.  A  crew  is  called  to  man  a  second  HH-3F  within  an  hour. 

At  CMAS  the  situation  differs;  this  air  station  has  only  HH-52A's  for 
helicopters  and  unlike  the  HH-3F  they  can  not  carry  a  heavy  load  any 
distance.  CMAS  remains  on  alert  to  send  its  helicopters  for  work  at  the 
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scene  in  eight  hours  (after  all  heavy  delivery  is  completed  and  when  the 
crews  of  the  HH3F's  must  rest).  At  ECAS  the  ready  C-130  begins  loading  a 

r>i  m  ii~n  TM  /^nnl  [’  nn  iilrxl  1  O  r*  O  T*\r>  VIO  0V11 1 1"  <D  6m  I'l  T*llhA(^ 
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collapsed  rubber  tank  called  a  bag  package.  A  second  and  third  C-130  are 
being  readied  by  installing,  a  rail  system  (the  loaded  equipment  is  on 
pallets  that  will  slide  over  these  rails  when  loading  and  when  parachuting 
the  equipment)  and  more  C-130  crews  are  called  to  be  ready  by  the  time 
these  C-130 's  are  ready.  After  the  first  C-130  is  loaded,  four  salvage 
teams  of  four  men  each  board  the  plane  and  the  plane  flies  to  BAS.  There 
the  salvage  teams  board  HH-3F's  and  are  brought  to  the  scene  while  the  C-130 
airborne  again,  flies  to  the  scene  and  prepares  to  parachute  the  equipment. 
When  the  first  salvage  team  is  ready  and  a  helicopter  is  waiting  the  equip¬ 
ment  is  dropped  from  the  C-130;  automatically  anchors  when ■1.^  enters  the 
water  except  for  the  A-frame  hauling  and  lifting  device  (HLT)1  which  is  buoy¬ 
ant  and  free  floating.  The  helicopter  grapples  for  the  HLD  and  brings  it  to 
the  salvage  team  which  assembles  the  HLD  while  the  helicopter  attaches  lines 
to  the  anchored  equipment  and  brings  either  tte  equipment  or  the  lines  to  the 
salvage  team  depending  upon  the  type  of  helicopter,  the  distances,  and  the 
weather.  The  salvage  team  finishes  hauling  the  equipment  to  and  on  the  tanker 
and  then  hauls  in  the  end  of  the  hose  from  the  collapsed  bag.  The  equipment 
Is  assembled  and  the  pumping,  at  a  maximum  rate  of  1000  U.  S.  gallons  per 
minute  per  pump,  begins  into  the  rubber  bag.  The  aircraft  continue  bringing 
equipment  and  bapp  until  all  that  are  needed  are  at  the  scene.  In  spite  of 
the  distances  involved,  enough  bags  can  be  delivered  in  2^  hours  to  liphten 
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the  tanker.  This  Is  the  tiine  limit  desired.  After  Vj  bags  have  been  filled 
and  moved  to  a  safe  anchorage ,  an  attempt  to  pull  the  tanker  succeeds  and 


out;  octUAta.*  xa  uoweu  ou  iscrw  xuia*  n  ouau o  uuciru  uuuv  xtfuubx  Y/j‘jxCji  Vrar> 


to  the  scene  picks  up  the  seven  unused  bars  and  brings  them  to  New  York. 

Coast-  hal'd  and  conmerical  tugs  tow  the  full  bapp  slowly  to  Bayonne,  New 
Jersey,  where  they  are  emptied  into  storage  tanks  or  tank  barges.  All  the 
equipment  is  eventually  brought  to  BAS  where  It  is  loaded  Cn  G-130's  for 
return  to  ECAS  for  repair  and  repackaging. 

The  most  important  aspect  of  the  use  of  ADAPTS  is  illustrated  by 
this  example.  Powerful  equipment  must  be  brought  from  its  storage  to  the 
distressed  tanker,  in  time  to  prevent  an  oil  spill.  A  tanker1,  aground  or 
drifting  out  of  control,  is  at  the  mercy  of  weather.  The  measure  of 
effectiveness  for  this  model,  what  can  be  done  in  2k  hours’,  was  picked  with 

•  /  ■  t 

weather  in  mind.  Some  tankers  become  distressed  due  to  rou$r  weather;  they 
have  five  days  on  the  average  before  rough  weather  occurs  again.  It  is  dur¬ 
ing  that  five  day  period  that  salvage  can  be  attempted.  Corns  tankers  such 
as  the  TORREY  CANYON  become  distressed  independently  of  weather.  For  those 
tankers,  the  ones  that  become  distressed  during  good  weather  will  have  on 
the  average  two  days  until  a  storm  arrives  and  the  ones  that  become  distressed 
during  rough  weather  will  have  nearly  five  days  until  another  storm  arrives. 

A  small  tanker  in  distress  near  ECAS  can  be  enptied  by  ADAPTS  in  2k  hours 
while  at  the  other  extreme  a  supertanker  in  distress  in  the  Florida  Strait 
will  require  many  days  of  off  loading  to  be  enptied.  The  model  solves  for 
what  can  be  done  in  2k  hours  by  ADAPTS  in  weather  up  to  kO  knot  winds,  12 
foot  seas,  and  1000  foot  ceiling.  An  evaluation  of  the  weather  forecasted, 
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the  size  of  the  tanker,  its  distress,  and  Coast-  Card  resources  currently 
available  is  needed  to  determine  what  resources  to  use  arid  what  additional 
resources  must  he  obtained.  Thus  this  mathematical  model  is  an  aid  in  the 
decision  process. 

The  hypothetical  incident  fives  a  preliminary  description  of  the 
system.  For  the  purpose  of  detailed  description,  we  will  consider  it  to 
be  comprised  of  four  subsystems: 

a.  ECAS  with  C-130  aircraft.  Other  aircraft  there  are  not  used 
in  .ADAPTS  so  they  are  ignored. 

b.  Two  other  air  stations  (HP1  nearest  to  the  incident  scene  and 
HP2  next  nearest)  with  helicopters.  Other  aircraft  there  are  incidental; 
they  are  not  used  In  ADAPTS. 

c.  The  aircraft  delivered  pumps  at  ECAS,  HP1-,  and  HP2  and  the 

bags  at  ECAS. 

d.  Tiie  salvage  teams  with  life  support  equipment. 

ETAS  Aircraft 

The  Coast  Guard  Air  Station  at  Elizabeth  Clt  /,  North  Carolina 
is  centrally  located  on  the  east  coast  of  the  United  States.  Because  of  a 
reorganization  of  aircraft  deployment  several  years  ago,  it  is  currently 
the  only  Coast  Guard  air  station  in  the  East  with  C-130's.  With  little 
effort  it  can  be  doubled  to  two  sources  of  C-130's,  but  because  of  the 
distances  involved  between  C-130  equipped  air  stations,  they  are  independent 
for  all  practical  purposes.  This  model,  based  upon  ore  C-130  enuipped  air 
station,  is  valid  for  San  Francisco  Air  Station  and  other  C-130  equipped 
air  stations  although  ECAS  is  the  only  one  mentioned  in  this  paper.  Table 
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1  presents  the  standardized  operating  parameters  for  the  three  types  of 
Coast  Guard  aircraft  used  by  ADAPTS;  In  it  are  included  the  aircraft  used 


by  AuArTG  anu  excluded  from  11  cu-i.-  the  other  types  operated  by  the  Coast 
Guard,  Up  to  15  C-l 30 '  s  and  loaders  are  allowed  in  the  model  althoufdi 
this  number  is  not  possible  from  Coast  Guard  resources.  This  hiph  allowance 
permits  "what  if"  questions.  Ihe  nuniber  of  loaders,  L,  is  constrained  to  be 
less  than  or  equal  to  the  nuniber  of  C-130's,  N,  since  only  one  25K  loader1 
can  be  used  by  a  C-l 30  at  a  time. 


Helicopter  Air  Stations 

Ihe  air  stations  nearest  and  next  nearest  to  the  scene  of  the 
distress  are  the  only  two  air  stations  considered  in  this  model  for  helicopter 
resources.  'Hie  others  will  almost  always  be  far  beyond  the  range  of  helicopter 

"  -t 

operations  and  in  some  Instances  such  as  scenes  of  distress -northeast  of 
Portland,  Maine,  the  nearest  air  station  (CCAS)  is  at  or  beyond  the  limit  of 
loaded  HH-3P's .  In  those  instances,  the  HH-3F's  can  work  at  the  scene,  but 
the  salvage  teams  must  be  delivered  by  other  means.  In  such  an  instance  this 
model  is  inapplicable.  The  air  station  nearest  to  the  scene  is  called  HP1  in 
the  model  and  the  next  nearest  to  the  scene  is  called  HR.  Whenever  a  distance 
is  placed  into  the  model  that  exceeds  the  capability  of  the  helicopter  the 
helicopter  is  removed  from  the  model,  and  if  no  helicopters  are  left  at  HP1, 
the  model  prints  this  fact  and  terminates  solving  the  problem.  If  the  mathe¬ 
matical  model  is  solved  manually,  the  total  flifiit  time  of  an  HH-3F  must 


liMs  paper  use  the  25,000  pound  capacity  loading  machine  as  a  standard.  It 
Is  described  in  the  model  only  by  the  total  time  renuired  to  load  a  C-130,D. 
Change  the  value  of  D  if  other  loaders  are  used. 
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not  exceed  1B2  minutes  when  it  Is  loaded  with  a  complete  pump  and  Diesel 
set  and  the  total  fllptit  tine  of  an  HK-52A  must  not  exceed  120  minutes  when 
it  is  carry! ng  a  third  of  a  pu-np  and  Diesel  set.  These  times  are  derived 


from  the  weights,  distances,  and  the  parameters  in  Table  1. 


Pumps  and  Bars 

The  equipment  especially  developed  for  ADAPTS  consists  of  the 
pump  arid  Diesel  sets  (hereafter  called  pumps  when  at  the  scene  and  E  pkgs 
when  packaged  for  delivery)  and  the  bags  (hereafter  called  bags  when  in  the 
water  at  the  scene  or  when  filled  and  B  pkgs  when  packaged  for  delivery). 

A  C-130  delivery  E  pkg  consists  of: 

a.  A  small  rubber  tank  containing  55  gallons  of  Diesel  fuel, 

b.  A  Diesel  engine  -  hydraulic  pump  set  that  is  packaged  to 

*■ 

float  ,  .cf.tr 

c.  A  submersible  hydraulic  motor  in  a  common  housing  with  a 
crude  oil  pump  that  is  packaged  with  hoses  to  float, 

d.  A  hauling  and  lifting  device  which  is  an  A-frame  with  a  manual 
winch  and  tie-downs,  and 

e.  Packaging  material  including  parachutes,  pallet,  package  open¬ 
ing  equipment,  lines,  floats,  ar?"  an  anchor. 

The  pump  set  is  capable  of  pumping  1000  gallons  of  medium  weipht 
crude  oil  per  minute.  When  a  E  pkg  is  dropped  out  of  the  tail  of  a  C-130, 
the  parachutes  open  automatically  and  a  timer  is  started.  Just  before  the 
E  pkg  hits  the  water  it  begins  to  open  arid  the  HLD  falls  out.  It  floats 
free.  When  the  E  pkg  is  in  the  water,  the  parachutes  are  cut  off  and  an  anchor 
is  dropped.  It  is  now  ready  for  hauling  to  the  tanker. 


A  helicopter  delivery  E  pkg  i s  the  same  an  above  except  that 
parachuter,  and  the  anchor  are  unnecessary;  also  the  packaging  is  lighter 
since  it  will  not  be  dropped.  If  an  H1I-52A  is  used  (only  for  short  dis¬ 
tances),  the  components  of  an  E  pkg  are  delivered  separately. 

A  D  pkg  consists  of; 

a.  A  folded  rubber  bag  capable  of  holding  500  tons  (125,000 
U.  S.  gallons)  of  crude  oil  and  a  hose, 

b.  Flotation  tubes  and  inflat er,  and 

c.  Packaging  material  including  parachutes,  pallet,  package 
opening  equipment  and  an  anchor. 

When  a  B  pkg  is  dropped  out  of  the  tail  of  a  C-130,  the  parachutes 
open  automatically.  When  the  B  pkg  hits  the  water,  the  parachutes  are  cut 
off  and  an  anchor  is  dropped.  After  a  time  delay  the  package  opens  and  the 
water  sensitive  flotation  inflater  releases  nitrogen  gas  into  -the  flotation 
tubes.  The  hose  floats  out  (one  end  is  plugged  and  the  other  end  is  l'astened 
to  the  bag  filling  connection).  The  flotation  tubes  strai^ten  the  bag  so  it 
floats  ready  for  filling. 


The  Salvage  Team 

The  salvage  team  is  comprised  of  enough  men  to  run  the  pumps 
and  fill  the  bags  at  the  scene  for  at  least  2k  hours.  They  are  equipped 
with  a  radio,  emergency  lighting,  bedding,  and  food.  Roughly  four  men  are 
needed  per  pump  for  around  the  clock  operation  but  this  nurrher  may  be 
changed  when  weather  and  season  dictate.  It  is  convenient  to  divide  the 
full  salvage  team  into  four  man  salvage  teams  for  purposes  of  helicopter 
load  capacity.  This  amount  of  men  can  be  carried  by  an  HH-52A  to  the 
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same  distance  it  can  carry  a  third  of  an  E  pkg.  A  salvage  team  means  a  four 


mauj  l-woJTi  ilCrCux  wC3T * 


TABLE  1 

AIRCRAFT  PARAMETERS 


Plane 

Speed 

Out 

in  Knots 
Back 

Carrying 

Capacity 

Pounds 

Reserve 

Fuel 

Pounds 

Mean 

Refueling 
Time  in 
Minutes 

Average  Fuel 
Consumption 
Pounds/Hour 

Hi-52A 

B5 

95 

2,000  F+C 

200 

20 

'Too 

HH-3F 

115 

125 

7,000  F+C 

600 

30 

,1,100 

C-130 

270 

290 

17,000  c  § 

45,000  F 

4,000 

40 

‘  --ft .000 

.  •  * 

!■+'  •  # 

P  »  fuel;  C  «  passengers  and  cargo 
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chap™  2 


DEVFJjOPMENT  OF  TIE  MATI E.MATIC AI,  MODFJ, 

The  desired  result  of  the  mathematical  model  is  to  find  the 
maximum  nunber  of  baps  that  can  be  filled  in  2h  ! lours  subject  to  the 
numbers  of  C-130' s,  C-130  air  crews,  C-130  loaders,  helicopters,  and  E 
pkgs.  This  is  a  model  for  measuring  the  operational  results  that  can  be 
attained  with  available  resources.  Pour  equations  will  be  derived  to 
describe  these  resource  constraints.  The  first  one  includes  C-130 's  and  C-130 
loaders;  it  describes  the  number  of  plane  loads  that  can  be  delivered  in 
time  for  the  bags  to  be  filled  within  the  24  hour  limit  when  E  pkgs  are  not 
constraining.  The  second  equation  uses  C130's  only  and  it  yields  the  maximum 
possible  nurrber  of  tanks  that  can  be  delivered  and  filled  in  24  hours  if  the 
other  variables  are  not  constraining.  Although  it  is  of  little  use  in  an 
operational  model,  it  is  included  since  it  provides  a  comparison  for  the 
measuring  of  the  effective  use  of  the  utmost  costly  resource,  the  C-130  air¬ 
plane.  The  third  equation  includes  helicopters  and  E  pkgs  as  variables.  It 
describes  the  tine  needed  to  deliver  E  pkgs  to  the  scene  and  the  number  of 
tanks  that  can  be  filled  by  them  within  the  2*1  hour  limit  with  C-130  aircraft 
and  loaders  not  constraining.  The  fourth  equation  Includes  C-130' s,  C-130  air 
crews,  and  C-130  loaders  as  variables.  It  describes  the  number  of  bags  that 
can  be  delivered  within  the  2 4  hour  limit.  When  E  pkgs  are  not  constraining 
this  can  be  converted  to  the  number  of  tanks  that  can  be  filled  in  24  horn’s 

If  the  number  of  tanks  that  car.  be  filled  in  24  hours  is  known,  the 
number  of  C-130  trips  needed  to  deliver  that  number  of  tanks  is 

X  =  pw) 


10 


This  transformation  of  variables  and  its  inverse, 

z  =  2xyp(i) 

Qr»a  iu4 or}  t?!'} 

A  variable  named  C1ECK1  is  introduced  as  an  input  so  that  the  user  of 
the  model  may  choose  to  or  not  to  check  that  variables  in  the  input  card 
deck  do  not  violate  the  allowable  range  over  which  they  are  defined  for 
this  mathematical  model.  CHECK!  also  checks  the  helicopters  by  type  to 
see  if  they  can  carry  an  E  pkg  to  the  scene  (distance  is  the  only  considera¬ 
tion  checked).  To  use  CHECK1,  input  a  value  of  1.0  on  the  appropriate 
card. 

Loader  Equation 

The  amount  of  bags  that  can  be  delivered  and  filled  in  24  hours  is 

subject  to  the  nunber  of  C-130  loaders.  The  loaders  are  considered  as 

servers  in  a  queueing  problem  and  the  C-130’ s  as  the  arriving/  clients;  the 

queue  that  results  is  a  deterministic  queue  with  the  facility  utilisation 

factor  dependent  uoon  both  the  number  of  servers  and  the  number  of  clients2: 

P-2n  =  average  number  of  arrivals  per  minute 
/js  average  nunber  of  loadings  per  minute 

The  expected  time  between  arrivals  (the  reciprocal  of  average  arrival  rate) 

is  l/l  ,  -  B+C  for  each  C-130.  Thus  for  N  C-130' s  it  is  l/\  =  B+C  which 
'  *  N 

is  An  »  N  arrivals  per  minute.  The  exoected  service  time  per  loader  is 
B+C 

1, fa  =  D.  The  nunber  of  servers,  s,  is  the  nunber  of  Cl 30  loaders,  L.  Thus 

the  facility  utilization  fa. tor  is  RHO  =  ND  .  It  is  the  fraction  of 

(B+C)L 

time  that  the  loaders  are  busy. 


‘T.oe  Hillier 


T  ■*  pV 


this  fonula  is  defined. 


eherr-nn.  It. traduction  to  Operations  research.  On  pars  290 
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The  time  the  loaders  have  available  for  loading  is  described  by  the 

maximum  possible  time  during  the  24  hour  period  during  which  C-130's  are 

available  for  loading.  The  first  loader  can  begin  loading  the  first  C-130 

when  it  ends  its  standby,  A(l).  Similarly  the  Lth  loader  can  begin  loading 

only  when  i-lie  Lth  C-130  ends  its  standby,  A(L)  .  This  stems  from  the 

definition  A(I)  <!  A(l+1)  for  all  C-130's.  Other  factors  that  reduce  the 

available  loading  time  are  measured  from  the  end  of  the  24  hour  period  to 

the  time  that  the  last  load,  which  can  be  delivered  in  time  for  filling, 

has  been  loaded.  So,  for  the  lth  loader,  the  time  available  for  loading 

is  1440-(B-D)-U-R-A(I)  minutes  and  for  all  the  loaders  it  is 

L 

( 1440-B+D-U-R)  L-  JTa(  I ) 

The  used  loading  time  is  the  product  of  the  iacility  utilization  factor 
times  the  total  available  loading  time  with  the  total  available  loaning 
time  reprejenting  the  maximum  used  loading  time  possible.  Therefore  used 
loading  time  is 


1,  (B+C)L  }  ^(1440-B+D-U-R) L-^A(I)j 
This  number,  when  divided  by  the  loading  rate  and  truncated,  yields  the 
constrained  number  of  C-130  trips,  1X1: 


min  /  1,  ND  )  ( 

1  (B+C)L  *  ' 

( 14  40-B+D-U-R)  L-^  A  ( I )  j 
1-1 

1X1  - 

D 

Note  that  1-L-N.  If  either  L  or  N  is  equal  to  zero,  there  can  be 
no  bags  delivered  or  filled.  It  is  senseless  to  consider  L>N,  Any 
loaders  more  than  C-130' s  simply  will  not  be  used.  1X1  is  converted  to 
the  constrained  number  of  bags  filled  by  the  transformation:  IX1T  “  2(1X1)- 
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N 

I™ 

1«1 

Also  when  RH0>1,  the  C-130's  wait.  Since  N  is  finite,  the  queue  length 

can  not  exceed  N-L,  the  number  of  C-130' s  not  in  service.  In  steady 

state  the  expected  time  between  arrivals  becomes  Bi-C !  do  lava  whore  V/,  the 

N 

waiting  time  is  the  delay: 

W  =0  for  RHO  <1  and 

W  =  ND  -  B-C  for  RH0=1.  When  W  is  considered,  one  can 
L 

deduce  tlat  the  facility  utilization  attains  1  as  its  maximum. 

The  C-130  Equation 

As  stated  earlier  in  this  chapter,  this  equation  is  provided  for  gaging 
tte  maximum  number  of  C-130  trips  and  the  resulting  amount  of, bags  that 
can  be  filled  in  24  hours.  It  is  not  used  in  the  present  mocfe'l  although  it 
was  the  first  equation  derived  in  modeling  the  operational  deployment  of 
ADAPTS.  It  led  to  the  derivation  of  the  fourth  equation  for  1X5,  the  number 
C-130  trips  that  can  be  made  (so  that  bags  delivered  can  be  filled  within 
the  24  hour  limit)  with  given  number  of  C-130' s,  C-130  loaders,  and  C-130 
air  crews.  An  intermediate  eouation  labeled  1X4  will  not  be  described  but 
since  its  name  appears  in  several  computer  runs,  its  name  was  not  reused  to 
avoid  confusion. 

Note  that  1440-R-U  minutes  are  available  for  a  C-130  to  deliver  packages 
in  24  hours  and  that  the  C-130  time  used  is  A(I)+B#X(I)+C(X(I)-1)  where 
X(I)  is  the  number  of  trips  made  by  the  Ith  C-130.  Ihus  for  the  Ith  C-130, 
1440-R-U £a(I)+B*X(I)+C(  XD-l) .  This  is  an  ineouality  because  there  nay 
be  a  fraction  of  a  trip  possible  in  the  time  available; -C(X(I)-1)  indicates 
that  for  the  purposes  of  filling  tanks  the  last  return  trio  is  not  considered. 
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so  one  return  trip  it  subtracted.  After  solving  for  X(I)  and  truncating 


the  possible  fraction  of  a  trip,  one  has:  X ( I ) 
Next  sum  over  N  Cl30's  to  have: 


1440+C-K-U-A(I) 

B+c: 


N 

1X2  =  440+C-R-U-A (I)j 

1-1 

This  formula  gives  the  maximum  number  of  C-130  trips  possible  when  there 
are  no  waits  for  loaders  and  there  are  enough  air  crews  for  the  24  hour 
period.  Multiply  by  two  and  subtract  the  number  of  C-130  delivered  pumps 
to  find  the  number  of  C-130  delivered  bags. 

The  Equipment  Package  Equation 

The  number  of  bags  that  can  be  filled  by  the  pumps  within  the  24  hour 
limit  is  a  function  of  the  number  of  pumps  and  when  they ‘are  delivered. 

V  1  f 

There  are  two  ways  by  which  the  pumps  can  be  delivered;  by  helicopter  and 
by  C-130. 

When  pumps  are  delivered  by  C-130' s,  the  following  restrictions 

apply : 


a.  only  one  pump  is  in  a  plane  load, 

b.  the  pump  is  dropped  first, 

c.  the  first  pump  delivered  by  a  C-130  is  delivered  on  its 
first  trip,  and 

d.  the  remaining  pumps  are  delivered  in  consecutive  trips. 

These  restrictions  did  not  apply  to  the  network  analysis  of  ADAPTS,  the 
first  two  were  required  to  construct  the  simulation  model,  and  all  were 
necessary  to  derive  this  equation. 

When  pumps  are  delivered  by  helicopter,  the'  number  and  typo  of  he!  i- 
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copters  are  important.  Several  simplifing  assumptions  were  made.  The 
first  la  that  zero,  one,  or  two  pumps  may  be  prepo3itioned  at  either  or 
both  helicopter  equipped  air  Btatiouu.  Analysis  of  the  si"«i  «Hon  results 
have  shown  that,  even  with  the  faBter  and  more  powerful  MH-3F,  the  third 
and  later  pumps  (when  allowed)  are  delivered  so  late  that  they  are  marginal 
in  results.  Another  assumption  is  that  only  one  helicopter  from  HP2  can 
be  used  and  that  if  it  is  used  it  is  an  HH-3F.  The  assumption  of  one 
type  only  comes  from  the  fact  that  HP2,  being  farther  from  the  scene,  will 
normally  be  beyond  the  range  that  an  HH-52A  can  deliver  a  pump.  HP1  has 
one  or  two  helicopters  of  either  type  but  the  types  may  not  be  mixed,  they 
are  mutually  exclusive  in  this  equation  to  avoid  the  combination  of  pump 
and  helicopter  delivery  schedules  that  could  arise.  The  two  types  of 
helicopters  would  be  drawing  from  the  same  group  of  pumps  so  that  pumps 

'  ..f 

delivered  have  to  be  subtracted  from  the  pumps  available  for  delivery  by 
the  other  type.  It  will  become  evident  in  the  remainder  of  this  section 
that,  even  with  these  simplifing  assumptions,  this  is  the  largest  and  most 
difficult  equation. 

A  final  assumption  is  that  the  HH-52A  helicopter  can  be  used  to  deliver 
a  pump  in  thirds;  that  is,  an  E  pkg  which  is  constructed  in  three  modules 
of  nearly  equal  weight.  There  is  serious  doubt  that  this  can  be  done  and 
atill  have  a  pump  with  a  rated  output  of  1000  gallons  per  minute.  If  it  can 
not,  the  portion  of  the  equation  that  describes  such  delivery  can  be  removed 
without  harm. 

1,  The  Ith  C-130  delivers  a  pump  on  its  first  trip  and,  after  El 
minutes,  this  pump  is  ready  for  use.  Thus  from  the  A(I)+E1+B  minute  to 
the  1440th  minute,  it  is  available  foi  pumping;  this  is  1440-A(I)-B-E1 
minutes  of  pumping  time.  The  C-130  raV.es  a  round  trip  of  B+C  minutes 
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before  it  delivers  the  next  pump;  hence,  the  next  pump  has  lhhO— A ( T )— 2*Ii— 

C-El  minutes  of  pumping  time.  Similarly  the  P(I)th  pump  dc?liverod  by  the 

Ith  C-.130  has  lkkO-h[I  )-P(I)#B~(P(I)-l)*C-El  minutes  of  pumping  time 

available.  Hie  total  pumping  time  available  from  pumps  delivered  by  the 

P£i)  P(D 

Ith  C-130  is:  (14^0-A(I)-E1)P(I)-bTz  -C/lz-l)  which  equals3 

rZis:\ 

( 1^^04C-A  ( I  )-El  )P  ( I )- P  ( I  )2+P  (I  )j 

When  this  expression  is  divided  by  p.,  the  pumping  rate,  and  the  result  is 
truncated,  the  result  is  the  number  of  bags  that  can  be  filled  by  the 
pumps  delivered  by  the  Ith  C-130.  It  is  labeled  IDUM  in  the  FORTRAN  model. 
When  P(I)=0,  the  result  is  zero.  Note  that  two  off-setting  assumptions  are 
made: 

a.  This  C-130  suffers  no  waits  and  ..  .  ^ 

it-  - 

b.  the  summation  can  be  made  before  dividing  and  truncating. 

The  errors  introduced  by  these  assumptions  are  off-setting  so  that  the 
net  error  is  very  small.  'Under  some  circumstances  when  the  2*1  hour  limit 
is  impossible,  IDUM  can  be  negative  in  this  formula.  These  circumstances 
occur  when  A(I)  Is  close  to  2k  hours  and  B+C,  the  round  trip  time  is  large. 

To  prevent  negative  values,  use  max  |0,IDUM j  when  summing  over  all  C-130' s 
to  find  the  number  of  bags  that  can  be  filled  by  these  pumps. 

The  number  of  bags  that  can  be  filled  by  helicopter  delivered  pumps 
will  be  derived  for  HH  using  HH-3F's,  HP2  using  an  HK-3F,  and  HP1  using 
HH-52A's.  The  two  types  of  helicopters  at  HP1  deliver  the  same  pumps  so 
they  are  made  mutually  exclusive  to  prevent  erroneous  results.  If  HH-3F's 
are  available,  then  HH-52A's  are  not  used  since  they  are  very  limited  In 

3"See  Jolley,  L.  B.  W.  Summation  of  .  New  York  City:  Dover  19(xL 

The  formulae  on  pages  2  and  3  are  useu  to  solve  for  the  above  closed  form . 
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comparison.  The  model  is  written  to  set  052=0  if  Ql^O. 

2.  Tiie  i  umber  of  baps  that  can  be  filled  by  pumps  delivered  by  HH-3F ' s 
from  HU  is  derived  by  noting  that  Q1  and  Ml  are  integers  each  limited 
in  value  to  0,  1,  or  2.  This  allows  the  use  of  logical  IF  statements 
and  separate  expressions  for  the  number  of  baps  filled  with  different 
resources. 

Define  G  »  A(1)+R+2*H1  as  a  constant  enual  to  the  time  the  first 


helicopter  spends  waiting  for  a  salvage  team,  delivering  it,  and  return¬ 
ing  to  HP1  to  pick  up  an  E  pkg.  Note  that  E2+H+G  is  the  time  the  first  E 
pkg  delivered  by  an  HH3F  is  ready  but  that  bags  may  not  be  available  for 
filling  until  A(l)+B+U.  Thus  the  available  pumping  time  for  the  fitst 
E  pkg  is  ]M0-max  E2+H1+G ,  A  (1 }  +B+Llj>  when  Ml=l  or  2  and  Ql=l  or  2  and 

it  is  zero  when  either  M1=0  or  Q1=0.  Since-G  =  A(1)+B+2*H1,  the  formula 

"  -* 

.  ■  r 

can  be  simplified.  Divide  by  R  and  truncate  to  find  the  number  of  bags 
that  can  be  filled  by  the  first  pump  from  HP1  during  the  21!  hour  period. 

|UMo-A(I)-B-E2-3H1)' 

If  two  HH-3F's  are  at  HP1  and  there  are  two  E  pkgs  there,  the  next 
E  pkg  is  ready  at  E2+H1+F  when  the  first  salvage  team  is  there  and  baps 
are  ready  (other  salvage  teams  are  delivered  after  this  E  pkg  in  the 
chosen  strategy).  Therefore  when  Ml® 2  and  Ql=2,  the  available  pump¬ 
ing  time  from  the  second  pump  is: 

lM  0-max  |  E2+H1+F,  A  ( 1  )+B+Hl+E2 , A  (1  )+ft+t j 
where  E2+H1+F  is  the  tine  to  have  pump  ready  when  helicopter  delivers 
it  only  ,  where  A(lj+B+Hl+E2  is  the  tine  to  have  pump  ready  when  helicopter 
delivers  a  salvage  team  first,  and  where  A(l)+B+U  is  the  time  that  a  bag 
becomes  available  for  filling.  When  this  is  divided  by  R  and  truncated, 
the  results  is  the  number  of  bags  t\;h.  can  be  filled  by  the  second  purp 
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if  it  was  delivered  by  the  second  HH-3F .  It  is  constrained  to  be 
greater  than  or  equal  to  zero;  it  can  be  added  to  the  expression  for 
the  first  pump,  but  if  there  is  only  one  HH-3F  at  1IP1  and  Ml  is  equal 
to  two,  the  next  E  pkg  is  ready  at: 

G+2U1+(S-1) 2H1+H1+E2  =  E2+G+(2S+1)H1  since: 

G  «  Time  helicopter  becomes  available  to  deliver  E  pkg 
2H1  =  time  to  deliver  remaining  salvage  teams 
HI  =  time  to  deliver  this  E  pkg 
E2  =  time  to  set  up  this  E  pkg 

Therefore  the  available  pumping  time  from  the  second  pump  from  HP1  is 
1440-E2-G-(2S+1)1U  when  there  is  only  one  HH-3F.  The  desired  expression 
is  selected  by  using  logical  IF  statements  to  choose  among  the  possible 
values  of  Ml  and  Ql.  The  above  expression,  divided  by  R  and  truncated  is 
the  number  of  bags  that  can  be  filled  by  the  second  pump  in  24  hours  if 
there  is  only  one  HH-3F  at  I1P1.  Thus  the  number  of  bags  that  can  be 
filled  by  pumps  delivered  by  HH-3F  from  HP1  is  equal  to: 

|(1440-A{l)-3-E2-3Hl3|  for  the  first  pump  plus  either 


( 


1440-max 


/  E2+H1+F , A(1)+B+H1+E2 , A(l)-bB+uj> 
R 


fer  the  second  pump  and  two  helos  or 

j(1440-F,2-G- (2S+l)Hl|  for  the  second  pump  and  one  helo. 


3.  The  number  of  bags  that  can  be  filled  by  pumps  delivered 
by  HH-52A's  (in  lieu  of  HH-3F's)  from  HP1  is  derived  in  a  similar  manner. 
Tiie  time  necessary  to  deliver  the  pump  is: 


]  3 


2H52  =  round  trip  time  to  delever  salvage  team 
H[j2  -  1/3  pump  delivered 
H^2  -  time  of  trip  back  to  HP1 
H52  =  2nd  third  delivered 
H52  =  time  of  trip  back  to  HP1 
H52  =  last  third  of  pump  delivered 
?H 52  =  total  for  the  first  pump 
H52  -  time  of  trip  back  to  HFL 

2(S-1)H52  =  time  of  round  trips  to  deliver  the  remaining  salvage  teams 
5H52  =  time  to  deliver  the  second  pump 
This  totals  to  (2S+11)H52  for  the  second  pump. 

By  a  reasoning  process  similar  to  the  derivation  for  HP1  equipped  with 
HH-3F's  we  arrive  at  the  number  of  bags  that  can  be  filled  by  HH-52A 
delivered  pumps  (from  HP1  only).  It  is  equa]  to  zero  if  either  there  are 
no  pumps  or  no  helicopters,  it  is  constrained  to  be  greater  than  or  equal 
to  zero  when  Ml  and  Q52  are  equal  to  either  one  or  two.  Hie  expression  is: 
max  1 0, 

for  the  first  pump  and 

max  jo,  |14^0-E2-F-25H52+9Q52»H52-(3-Q52)*S*H52jj. 

for  the  second  pump.  The  model  bypasses  these  expressions  whenever  01  is 
greater  than  zero  since  delivery  by  HH-52A  is  not  done  when  HB-3P's  are 
available. 

4.  The  last  portion  of  the  equipment  package  equation  is  the  number 
of  bags  that  can  be  filled  by  pumps  delivered  by  an  HK-3F  from  HF2.  As 
stated  earlier,  the  possibility  of  using  HH-52A*s  from  HP2  is  very  remote 
due  to  the  greater  distance  and  the  Lesser  capability  of  the  HH-52A. 


^1440-max  {E2+E+11H52-4Q52*H32,A(1)+B+I^j  j 


This  part  of  the  model  is  constructed  with  one  HH-3F  at  HU?.  It  could  be 
changed  to  allow  two  but  it  is  doubtful  that  the  second  would  be  used 
since  it  would  be  on  standby  during  the  time  the  pump  from  HP2  is 

delivered.  It  represents  a  resource  that  would  have  marginal  effect  so 
for  simplification  of  the  fomula,  it  was  not  included.  Since  02  eauals 
zero  or  one  only,  a  logical  IF  statement  is  used  to  bypass  this  expression 
when  there  are  no  helicopters. 

The  first  from  HF2  is  ready  for  use  at: 
max  |e2+f+h2,A(1)+B+u|  ;hence,  the  resulting  expression  for  the  number  of 
bags  filled  is: 


jo,  |W0-mg 


i-max  |  E2+F+H2,A(l)+P,+l?jj. 


For  M2=2,  the  second  pump  is  set  up  at  EPKG7=F,2+F+3H2  but  the  second 
bag  is  not  ready  until:  U+  min  j  second  trip  by  the  first'  0130,  first  trip 
by  second  C130  if  N  2,  first  trip  by  first  C-130  if  P(1)=0 J  . 

The  second  trip  by  the  first  C-130  takes  A(1)+2B+C  minutes.  The  first 
trip  by  the  second  C-130,  when  there  is  a  second  C-130,  takes  A(2)+B 
minutes.  A  penalty  is  assigned  to  this  time  to  increase  it  beyond  the 
second  trip  time  of  the  first  C-130  vrhen  there  is  only  one  C-130.  The  first 
trip  by  the  first  C-130  is  considered  only  if  it  delivers  no  pumps,  thau  is 
If  P(1)=0.  This  means  that  a  second  bag  was  delivered  and  is  available  for 
use.--  The  resulting  expression  for  the  bags  filled  by  the  second  pump  is 
max  jo,  £  lMO-max  j  KPX07,  min  j  BA02,  T!W?2^  j 
where  EPKG7  =  E2+F+3*H2 


BA <2  =  A(l)+B+U  if  P(1)=0 
=  A(1)+2B+C+U  if  P(1)^0 
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TMG2  =  BA 02+1  If  N=1 


A  (21+0+11  if  N*1 

Thus  the  number  of  baps  that  can  be  filled  by  pumps  at  the  scene  is 
the  sum  of  the  number  of  baps  that  can  be  filled  by 

a.  the  pumps  delivered  by  C-130’ s, 

b.  the  pumps  delivered  by  HH~3F's 

or  del  ivered  by  HK-52A  from  HP1,  plus 

c.  the  pumps  delivered  by  an  KH-3F  from  HP2. 

The  C-130  System  Equation 

The  number  of  C-130  trips  that  can  be  made  to  deliver  baps  in  tine  for 
them  to  be  filled  in  24  hours  is  Do,  the  dependent  variable  in  this  eouation. 
By  usinp,  the  transformation, 

J 

IX5T  =  2»IX5-V  P(I) ,  we  have  tne  number  of  baf^'  that  can  be  filled 
1=1 

in  24  hours.  1X5  is  the  result  when  the  independent  variables,  the  innut,  are 
the  number  of  C-130  loaders,  L,  the  number  of  C-130 's,  N,  and  the  number  of 
C-130  air  crev.'s, 

In  thin  equation  there  are  many  restricting  assumptions.  They  will  be 
discussed  as  they  arise.  The  first  assumption  is  that  the  number  of  trips 
taken  by  a  C-130  is  the  minimum  of  tv.o  values;  the  j'"  -mi  •!.-  the  number  of 
trips  that  it  can  take  due  to  the  endurance  of  the  air  crnvrs  assigned  to  that 
C-130  and  the  second  is  the  number  of  trips  that  it  can  take  due  to  the  time 
available  to  tint  C-130  before  24  hours  are  finished. 

The  formula  is  derived  by  pairing  the  first  L  C-1301 s  to  the  L  loaders. 
Then  the  next  L  C-130’ s  are  paired  to  the  L  loaders.,  ^or  example  when  I,  =  3 
and  II  =  5,  the  first  loader  serves  the  first  and  fourth  C-130’ s.  There  are 
several  assumptions  inherent  in  this  nairinr.  The  first  is  that  the  second 


group  Of  C-130' s  caur.es  no  delays  to  the  first;  that  is,  any  delay  suffered 
is  absorbed  by  the  second  groun.  Actually  both  groups  suffer  delays,  and 
this  assumption  assigns  all  the  delays  to  the  second  nrour.  Since  there  is 
no  attempt  made  to  measure  the  delays  of  each  C-130 ,  this  assurnnt. Ion  does 
not  induce  measureable  changes.  'Hie  next  assumption  is  that  after  an 
initial  delay  equal  to  the  loading  of  the  first  0-130,  the  L+lst  C-130  loads 
during  the  time  the  first  C-130  is  away  on  a  trip.  The  initial  delay  serves 
to  phase  the  aircraft,  this  assumption  holds  whenever  2D — B+C  (distance  from 
EGAS  to  the  scene  is  preater  than  165  miles  when  loading,  time  is  90  minutes). 

It  causes  some  overestimation  of  the  number  of  trips  whenever  the  distance 
is  less  than  100  miles;  however,  this  is  first  of  all  a  remote  possibility 
and  secondly  this  is  a  distance  for  which  the  actually  available  resources 
in  helicopters  becomes  constraining  for  1X31'.  Hence  little  error  was  noted 

. .  e 

:/•  # 

In  the  verification. 

The. last  major  assumption  was  that,  when  N>2L,  only  the  first  2L  C-130' s 
need  to  be  considered  and  that  the  remaining  C-130  aircraft  may  be  ignored. 

'Ibis  assumption  holds  for  the  shorter  distances  since  there  is  not  enough 
time  during  C-130  trips  for  two  loadings  to  be  accomplished  before  the 
airborne  C-130  returns,  lhe  third  C-130  for  a  given  loader  always  causes  a 
long  wait;  that  is,  for  each  server,  there  is  always  one  in  service  and 
waiting.  What  is  a  shorter  distance?  For  N  >2L,  tliree  loadings  must 
occur  within  the  time  of  a  round  trip  -  this  means  3D -B+C.  Ibis  means  that 
this  assumption  causes  no  error  under  375  miles  when  loading  time  is  90  minutes 
To  the  north  of  ECAS  this  distance  is  nearly  the  limit  at  which  two  helicopter 
equipped  air  stations  can  be  used.  For  all  practical  purposes  this  means  that 
IX3T  bec.op'es  constraining,  the  south  of  ECAS  the  same  constraint,  occurs  at 
present,  and  in  several  years,  there  will  be  additional  C-130' s  ;:t  -  ..-mi  Air 
Station  so  that  distance  will  no  longer  be  germane. 
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It  can  be  seen  that  v;ith  the  distances  involved  and  with  the  other 
factors  of  equipment  and  locations,  these  assumptions  cause  little  trouble 

•_  -  ...  .  •  i  «  <  ■  i  n...  maV  T  f*  1  ID  I  e  f  Via 

ana  allow  inj.s  equation  ui  ue  ucnvuu.  jwj  uiv.h  w x  *».<*•  ******>  ^  ^  « — 

tine  available  for  each  to  make  round  trips  is  the  raini-mum  of  60#Cir.lD'*NC(I) 


and  iMo+C-R-U-A(I).  Hie  first  is  the  air  crew  time  available  and  the  second 
is  the  C-130  time  available  in  2>\  hours;  since  both  must  be  available,  the 
lesser  value  is  used.  It  is  divided  by  B+C  and  truncated  to  yield  the  num¬ 
ber  of  trips  made  be  that  C-130.  For  the  next  L  C— 130’s  the  first  number  is 
unchanged  and  the  second  becomes  1^0+C— D-R— U— A(I)  to  incorporate  the  initial 


delay.  The  lesser  value  is  then  divided  by  B+C  and  truncated.  The  trips 
by  each  C-130  are  summed  to  form  1X5.  Thus  1X5  equals 
min /lj^ 


n 

^  min  { 

1=1 '  • 

{  2L>  f} 


60*CEND*MC(I )  tlllOC-R-U-A(T)) 


B+C 


60*  CEND*NC  (I)  ,ll4l4  0+C-D-R-U-A  ( I )/] 
B+C 


1=1+1 


Should  the  need  arise,  a  third  summation  could  be  derived  for  2L<N<3L; 
however,  since  this  summation  would  be  effective  only  for  distances  greater 
than  375  miles  and  since  these  distance  occur  mainly  at  the  limit  of  effective 
helicopter  availability,  it  will  not  be  done. 

Because  of  the  many  assumptions  taken  in  deriving  this  constraint  eouation 
over  thirty  verification  comparisons  were  made  between  the  mathematical  model 
and  the  simulation  model.  The  differences  caused  by  the  above  assumptions  are 
not  simificant  until  the  distance,  DR,  is  less  than  100  miles  or  preater  tlian 
650  miles.  Both  conditions  are  rare  for  the  East  Coast. 
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Finally,  the  mode]  selects  the  moot  constrain :i nr  sot  of  cnnstra i nts 
as  described  by  the  equations  for  TX1T,  end  jy.fjT  as  the  maximum  number 

or  ba^  that  can  be  filled  in  24  hours. 


CHAPTER  3 

VERIFICATION  OF  UK  FATHETATICAL  MODEL 
Verification  of  the  mathematical  model  could  not  be  accomplished  by 
comparison  of  results  with  actual  field  tests  of  ADAPTS  since  the  system 
is  still  In  prototype  development.  Verification  was  accomplished  by  proceed¬ 
ing  in  a  three  sten  comparison. 

'The  first  step  was  to  assign  numbers  to  each  of  the  procedures  and  events 
that  occur  in  the  operational  deployment  of  ADAPTS.  Tills  was  done  by  observing 
the  field  tests  of  the  prototype  equipment  and  timing  the  events  as  they 
occurred.  The  results  of  each  test  were  compared  and  the  duration  of  each  event 
was  evaluated  with  the  following  criteria: 

a.  was  the  work  done  in  a  knowledgeable  manner  free  of  hesitation 


and  false  starts, 

b.  were  any  of  the  delays  that  occurred  strictly  attributable  to 
the  nature  of  the  test,  that  is,  generated  by  the  test, 

c.  if  this  event  was  repeated  many  times  over,  would  the  speed 
of  the  work  increase, 

d.  is  there  a  faster  way  of  doing  this,  and 

e.  would  this  event  occur  in  the  same  way  during  an  actual 
operational  deployment? 

Since  ADAPTS  involves  the  use  of  aircraft,  portable  salvage  eouipment,  and 
people,  the  use  of  an  aviator,  a  shinboard  engineer  of  a  rescue  shin,  the 
executive  officer  of  a  rescue  shiD,  and  a  civil  engineer  to  evaluate  the 
events  was  aporopriate.  The  resulting  times  for  accomplishing  the  events  were 


combined  to  form  the  time  required  to  perform  task<^t  ta.sk  was  so  defined 


%lot  all  of  those  ti  •esT.V--  : 
are  given  in  Appendix  A  as  tb  ■  . 


in.  The  times  pertinent  to  t*  Jr  re!  r  ” 
■.  lues  of  the  defined  constants . 
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that  it  could  be  placed  in  a  network  for  critical  path  analysis,  critical 
path  analysis  followed  using  the  ICES-Project  1  package  for  computer  analysis 


Of  fhp  nPf'Wnvk  -  Thp  mPfrhnH  u.ie  *1  f-  rUrl  nrnnvQCC  i.joII  uliort  t.7r»rlr  i  no 

...  -  -  - —  -  *  -  -  o  -  -  —  •  •  •  ■  c* 

with  small  quantities  of  resources.  The  results  were  easily  verified  as  both 
reasonable  and  optimal  for  the  resources  and  strategies.  But  as  more  resources 
were  added,  the  PERT-CPM  networks  became  too  cumbersome  to  form. 

The  second  step  of  the  verification  was  to  construct  a  discrete  simu¬ 
lation  model  that  allowed  a  wide  range  of  resources  and  printed  enough  data  so 
that  it  could  be  compared  with  the  results  of  the  network  analysis.  GPSS  was 
selected  for  the  simulation  language;  it  proved  well  suited  for  the  task.  Many 
assumptions  were  required  to  complete  the  simulation  model,  (see  Volume  2  of 
this  report)  they  were  of  several  classes: 

a.  first  the  practical  number  of  repources  that  could  be  examined  by 
the  model;  e.g.  a  matrix  column  was  needed  per  C-130  to  log  flight  completions. 

b.  second  that  certain  strategies  (order  in  which  tasks  were  done)  weri 
best.  For  example  the  strategy' that  was  optional  for  one  helicopter  was  to: 

1.  deliver  a  salvage  team, 

2.  work  at  scene  as  long  as  needed, 

3.  deliver  one  prepositioned  helicopter  delivery  E  pkg, 

4.  work  at  the  scene  as  long  as  needed, 

5.  deliver  remaining  salvage  teams  with  work  at  the  scene  during 
trips  allowed , 

6.  deliver  remaining  E  pkgs  with  work  at  the  scene  during  trips 
allowed,  and 

7.  make  trips  solely  for  working  at  the  scene. 

This  strategy  was  assumed  to  be  best  for  the  first  helicopter  when  more  than 
one  helicopter  is  available.  Whenever  possible,  the  .choice  of  strategy  was 
verified  by  network  analysis. 
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c.  thins, the  printed  results  need  not  cover  all  data  generated.  This 
dM  not  prove  satisfactory  and  the  printed  output  was  doubled. 

The  assumptions  used  in  the  development  of  the  simulation  v;ere  not  comoatable 
with  some  of  the  networks  that  had  been  investigated ;  however,  for  four  of 
the  networks  the  assumptions  and  inputs  were  directly  comparable  (see  Table  2) 
These  four  direct  comparisons  showed  the  validity  of  the  simulation  model. 
Several  relative  comparisons  were  also  made.  These  were  comoarisons  with  the 
same  resources  where  the  strategy  used  in  the  simulation  model  resembled  the 


strategy  used  in  the  PKFT-CPM  analysis.  They  showed  results  differing  by  one 
or  two  bars  filled  in  2j!  hours.  These  comparisons  showed  that  the  strategies 
used  in  the  simuation  model  were  generally  better  than  or  ecual  to  the  stra¬ 
tegies  used  in  the  networks.  This  tended  to  prove  the  assumptions  ori  strategic 
The  final  step  of  the  verification  was  to  make  comparisons  between  the 
results  of  the  simulation  model,  and  the  mathematical  model  when  identical  re¬ 
sources  nr.d  strategies  were  used  as  inputs.  For  thirty  different  resources  and 
location  combinations,  duplicate  computer  runs  were  made".  There  was  only  one 
measurement  of  results  used  for  this  comparison  and  it  was  the  number  of  bags 
filled  :in  hours,  fie  absolute  value  of  the  differences  between  the  results 
of  the  two  models  averaged  at  1.333  bams;  this  represents  a  *>.5  percent  error 
which  is  acceptable  for1  Planning  purposes.  The  graphed  results  of  the  simula¬ 
tion  and  the  mntho-ratlasl  models  produced  nearly  identical  curves  (see  Fir-ore  .1 
for*  o margin).  This  figure  also  :U lustraten  that  the  number  of  bags  filled  does 
red  v.'igv  lir.varly  with  distance. 

T.-vv  facts  show  that  tine  mathematical  model  reproduces  the  results  that 
a  cl 1  r.  1 .  or  cm  t }  o»  ml  dorhovmert  of  AT:Ajy”S  .would  give .  The  mathematical  rede”. , 
■a  "  "  -'a".-  of  , 

.••• 5 :  “>•  :•  Plo . ■  A! r/y.P.  It  roau!v*on  that  a1 1  the 


into  built  j.nto  it,  ce. •  ir>t  reproduce  the  results  cf 
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TABLE  2 


SIMULATION  MODEL  VERIFICATION1 


Event  Percent  Difference  between  methods 

Run  1  Run  2  Run  3  Run  4 


Last  E  pkf;  set  up 

3.34 

0.16 

1.52 

1.02 

First  C130  returns  to  ECAS 

0.84 

0.84 

0.84 

0.84 

First  bag  filled 

3.95 

1.96 

1.96 

3.22 

Second  bag  filled 

0.36 

0.17 

0.17 

0.17 

Third  bag  filled 

0.74 

0.14 

0.14 

zero 

Fourth  bag  filled 

0.59 

1.21 

0.14 

zero 

Fifth  bag  filled 

0.63 

0.12 

0.12 

0,39 

Tenth  bag  filled 

0.38 

0.76 

.  0.08 

0.14 

Twelfth  bag  filled 

0.34 

•  0.68 

0.08 

0.24 

Twentieth  bag  filled 

0.24 

0.47 

lThis  Is  condensed  from  volume  2  of  this  report. 


livered  by  a  C-130  be  delivered  one  per  trip,  starting  with  the  first  trip, 
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simulation  model  allows  caps  of  bap-only  trips  before  all  E  pkps  have  been 
delivered  but  it  still  limits  the  C-130  to  carrying  one  E  pkp,  per  trip.  Wie 
PERT-CM  analysis  allov;ed  any  combination.  ‘Hue  simulation  model  allows  the 
helicopter  at  HP2  to  be  an  I1H-52A  or  an  HII-3F  but  the  mathematical  model  allovrs 
an  HH-3F  only.  The  netvork,  beinp  less  restricting,  allowed  any  type  of 
helicopter.  A  final  example  of  difference  is  that  the  network  and  simulation 
model  output  lists  when  each  tank  would  be  filled  while  the  mathematical  mode], 
p;ives  only  how  many  tanks  can  be  filled  in  2h  hours. 
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01 


Mathematical  Model 


0  200  400  600  800 

Nautical  Miles  from  ECAS  to  Scene 

Figure  1  Mathematical  Model  Compared  With 
Simulation  Model*. 

^Identical  resources  and  similar  delivery 
strategies: 

Resources 

5  C-130' s  at  ECAS  with  rails  installed  on  the  first 
10  C-130  air  crews  each  with  12  hour  endurance 

A  manifold  and  an  HLD  in  each  E  pkg 
-4A  rails  used 

6  Salvage  Teams  at  ECAS 

4  E  pkg's  at  ECAS,  2  at  HP1,  and  2  at  HP 2 

5  C-130  loaders  rated  at  25,000  pounds 
2  HH-3F  helicopters  at  HP1  and  1  at  HP2 

Strategies 

Only  2  packages  per  trip;  either  2  bags  or  1  bag 
and  1  E  pkg  in  which  case  the  E  pkg  Is  dropped 
first. 


E  pkg  deliver: 
C-130  If 


Trip  Number 
Simulation 

1,3 

1 


Mathematical  Model 
1 

1,2 
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•‘cdej  Control  for-  Continued  Verification 
Since  thin  model  i?  based  upon  a ’prototyre  of  ADAPTS,  controls  are 
necessary .  Firut ,  any  differences  between  the  prototype  system  and  the  final 
system  must  be  determines  and  then  tlie  model  must  be  corrected.  Second,  actual 
deployment  of  ADAPTS  will  help  further  define  the  time  needed  to  accomplish 
the  tasks  involved  and  these  tine  values  should  be  used  in  lieu  of  the  values 
riven  in  Appendix  B.  An  example  of  the  former  would  be  a  radical  chance  in 
the  size  of  a  tank  so  that  three  T  pkpn  could  be  carried  by  a  C-130  instead  of 

N 

two.  The  formula  2  *  ZC  -  ^  ?(I)  would  have  to  be  chanced  with  a  3  replacing? 

1*1 

the  2  and  the  time  needed  to  fill  a  smaller  tank  would  be  less  so  R  would  no 
longer  eoual  12.1  when  a  rani  fold  is  used.  The  latter  type  of  correction  would 
become  necessary  when  ?..r  unexpected  minor  delay  is  found  to  reoccur  often  in 
the  haul iny,  of  a  T  ok-~ :  then  this  delay  must  be  added  to  the  current  value  of 


The  control  for  the  first  possible  proun  of  errors  is  to  review  the  model 
whenever  the  enuirment  desim  is  chanced  and  whenever  more  enuipinent  is  pur¬ 
chased.  A  comparison  ::  etv.’cen  the  characteristics  of  the  old  eouirment  uron 
which  the  model  is  hrcc-d  and  the  new  equipment  will  demonstrate  whether  the 
model  must  be  charged  or  a  task  time  duration  must  be  chanced  or  nothing  be 


Tie  control  for  the  second  possible  proun  of  errors  that  could  arise  and 
likely  v:ill  nr’s---  is  to  record  tie  time  that  every  task  reouires  for 
•‘••tiien,  tint  is,  to  keen  an  accurate  and  detailed  lor  of  the  deploy  rents 
As  each  '  --L.  .-■yjrent  is,  completed,  the  data  perorated  by  the  derloy- 
:  kcnld  be  :-«Cv s  '  •' oh  data  from  orl.or  deployments.  Averame  values, 

t 

i  •  cos:  ■  i ■  p. :  a;: reared  ar nirst  the  'model  values.  Tt  is  doubtful 
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that  probability  distributions  will  be  derivable  for  these  values  since 
the  eauioment  will  evolve  as  experience  is  gained:  the  r.hanpps  In  the 
equipment  may  occur  too  rapidly  for  deployments  with  the  same  equipment  to 
accumulate  data  to  generate  a  probability  distribution. 

Uses  for  the  Model 

A  prime  use  for  the  model  is  to  determine  the  outcome  of  the  deployment 
of  a  given  set  of  resources  to  a  distress  that  arises.  Then  the  need  for 
alternative  measures  can  be  determined.  Should  an  incident  arise  in 
which  it  is  required  that  a  tanker  to  be  emptied  of  its  cargo  and  another 
tanker  is  available  to  receive  all  of  it,  this  would  be  the  preferred  alter¬ 
native.  The  possibility  exists  that  ADAPTS  would  be  needed  for  10,  12, 
of  20  hours  and  then  tankers  would  be  available.  The  possible  combinations 
are  numerous.  In  many  of  them  the  model  can  be  used  directly,  in  others 
the  model  results  must  be  interpreted.  In  seme  cases  the  model  can  be  used 
to  provide  upper  and  lower  bounds  on  what  can  be  done.  The  model  v/as  used 
in  such  a  manner  for  Volume  1  of  this  report. 

Each  equation  is  based  upon  24  hours  ( Id  ho  minutes)  for  results.  By 
changing  1440  to  another  time,  the  investigator  can  compute  results  in  10, 

12,  36,  48,  etc.  hours  should  these  times  be  important.  The  model  can  be 
changed  by  replacing  1440  wherever  it  appears  with  TIKE.  This  new  variable 
can  be  read  in  initially  and  incremented  in  a  DO  loop  to  give  results  at 
regular  intervals  of  tine. 

A  final  use  of  the  model  is  to  evaluate  the  effectiveness  of  an  equipment 
change.  By  using  the  model  in  simulated  distresses  with  and  without  a  proposed 
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equipment  change,  the  investigator  can  determine  the  effect  of  the  proposed 
change  and  it  can  be  evaluated  along  with  the  cost  (among  other  factors)  of 
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0001  C  ADAPTS  MATHFMATTCAl  MDPFL 

OOP? _ OTMFNSTON  MlS)tPnSl.PMAX(lS)  lN.CJ15J _ 

0003  RF AD  900,NJ04 

DJU5A _ aflLQ fOPMA_L  .112 1 _ _ _ 

ooos  no  2  K= 1 s N  JOD 

OOPS _ PP  T  KIT  4?9,K _ 

0007  429  .  F0RMAT<1H1,15X,17H  DATA  SFT  NIJMRFR  ,1?) 

000.? _ PFAP  9Q4»N,NCPFW,CFMO _ 

0009  904  FORMAT (I?t 13, F5.?) 

(LQ1Q _ _ _ I.E1N  >ML.  .LE^UEUl-CH.  JLQ.  .5 _ _  _ _ 

001 1  PR TNT  430 

001  ?  ___  430  FOP M  A_T_(  1  5 X  ,J 4H_N  W A S_C H A  N  GE  0 ) _ • _ 

0013  "  PR TNT  40  7~, N 

0014  407  FORMAT (llX.AH  N  =  ,  15  > _ 

0015  N=15 

0016 _ PRTNT  407 tN _ 

0017  5  RFAD  901 » (A (T) ♦ T=1 ,N) 

Q0 !_3 _ RFA D_ 9 0 L,  ( P1J1 ,1=1  iNJ _ _ 

0019  901  FORMAT  (15F5.0) 

00  20 _ PFAD  90?,DF,ni  ,02,01  ,  0?  ,05?  ,  M  1  .M?  ,  QHFOK 1 _ 

0021  902  FORMAT  (6FS.0 ,?T5» F5 . 0 ) 

0i>2? _ _PEAQ_lLP3_rLj»5j-Dj.ElA£2jl.iP.iJ.l _ 

0023  903  FORMAT  (T5,7F10.0) 

0.02-4 _ R  =  D+(6.»0F/?7.)+?Q. _ : _ 

0025  C  =  6.*0F/?9. 

00? (S _ HI  a  3?. +01  /?. _ 

0027  H?  =  32. +1)2/2. 

00.20 _ _ H5?  ■  30.+2.»01/3. _ 

0029  KFT=0 

0030 _ TF  (CHFCK1  .FQ, 0, 1  00  TO  9ft _ 

0031  PRTNT  400 

003?  POP  FORMAT (1H0+15X,! 3H  DATA  FPRQRS=) _ 

0033  C  PMAX(T)  TS  AN  UPPER  UPPER  POUND  FOR  P(I) 

0034  _ 00  50  T  =  1  * N _ _ _ _ _ _ _ _ 

0035  PMAX<n  =  (1440.-A(n  >/(R+C) 

0036  _ IF  (PMAX  (  T 1  . GF.PJ  T )  )  GO  TO  50 _ _ _ _ _ 

0037  PRINT  R01,I,P(I) ,I»PMAX(I) 

003H _ B01  FORMAT ( 15X+3H  P(,T?,3H)  = ,F10.5,6H  PMAX ( ♦ I2+3H1  =,F10.5 

0039  50  CONTINUE 

0Q4Q  C  HELTCQPTFRS  APF  CONSTPA INFO  RY  D I ST ANCF _ 

0041  MH1 =01+10. 

004 2 _ MH?=M  IH 1 J  1  0  .  ♦.  (Jl!_+ D PI/?,  xlj} .  +  Q2J _ 

0043  MH52=2*H52-50 

0  044 _ IF1MH1  .  QT «. 1  4?)  01=0. _ 

0045  IF (MH2.GT. 1 42)  02=0. 

0046 _ IF (MH52.GT .120)  05 2=5  , _ _ _ 

0047  TFCOl.NF.O.)  052=0. 

LO 42 . . IF  (Ml  ,LE«  ?>  00. _I0_£1 _ 1 _ 

0049  PRINT  802, Ml 

0050 _ 40?  FORMAT  ( 1  5X  ,  SM  M]  =  ,  T  •  IOMFNT  PACKAGES  AT  RP]J  __ 

0051  KFY=1 

0.052 _ 51 _ IF  (M2«LF .?)  GO  TQ  52  _ _ 

0053  PRINT  403, M? 

054 _ 403  FORMAT  (15X,5H  M2  = ,  T5 ,2SH  E.OU.I P_M.EN T  PACKAGF5  AT  HP?) _ 

3/, 


DJ 


'toss  KFY=1 

).  Q.56 _ 5  2 _ .1 FJ  0.1.LFi2JJ_jGQ_Jl£L.5  3 _ 

DOF?  PRTMT  R04.O1 

D  O  F  F. _ BM — F.qr.m  A I  USX  »5  H  JUL_»  ♦  F  S  .  L  *  L5H  HH-3  F  *£_.  A  J_HP.Ll _ 

rtrtco  i/rv- 1 

0-06.0 _ 51 _ I  E(  0  2..L  E* .  1 » 1_  G.Q.  ..IQl  .5  4 _ 

0061  PRINT  505*0? 

0.062 — _ 8.0  5 EC3  M  A  TJ.15X.*5K_Q2_=  .i.E5*2. » 15tL.HH.T3  E*S_AI__HHiLl _ 

0063  KFY  =  1 

00.64 _ J54 _ TF(05?.L£.P.)  .GO..  TO  .56 _ _ 

0065  PRINT  S06»O5? 

046.6 _ M.6 FORM  A.LU5X.  »AH_  Q.52_  =.  *  16.H_HHr 52A_*S_AT_.H..p.1.1.. 

0067  KFY=  1 

0..Q.6.9 _ 56 _ I5J GQ..XQ-.5.7 _ 

0069  PRTNT  80R*L*N 

007.0 _ JBL0.B F.0.RM.AT-.(X5X*.4hl.J =xJ5.j.1.6H._LQAQERS.  AND  _C--13-0.*SJ 

0071  KFY=1 

007? _ 3  J _ I F  LL  «  OF  »J, )  -_fiQ_IQ__5B _ _ _ 

0073  PRTMT  R09tL 


QjQJ.8 _ 1EJ  A  C  J  AllU-GO  _TO_£Sl 

0079  PPTNT  P10»J.A(J)»I«A(I) 


UNXLNIIE _ _ _ _ _ _ _ _ _ 

IF(01.NF.O..OR.052.NE.O.)  GO  TO  60 

PRINT  804*01 _ 

PRTNT  505^0? 

E»JLNJ_1QAjJ352 _ 

kfy=i 

IF(KFY.FO.l)  GO  TO  999 _ 

PRTNT  Rll 

FORMAT (1H+*?9X»4HN0NF) 


0091  95  SUMPaO. 

009? _ SUM  A  I.  a  0* _ 

0093  SUMAN=0. 

0.0  9  A _ NCTFMP  =  NCRFW _ 

009%  DO  101  T  a 1  *  N 

0096 _ . _ NCJLD_J!_H _ 

0097  SUMP=Sl)MP  +  Pf  T  ) 

dues _ sue  anssu  _ 

0059  TF(T.GT.L)  GO  TO  101 

01.00 _ S..UmaL=SUMaN _ 

0101  101  CONTTNIJF 

.0.102 _ PHO  .  =  ..lN*B)./i_ia±C.)  *.U _ _ _ 

■0103  1X1  =  (AMTN1  ( 1 .  »RHO)  >*  (  11440. -R-U-PUD)  *L-SUMAL) /n 

Q.1QA _ C _ LXLXS.  T HF  LOADFR  AND  0130  CONSTRA  TNT  FOUATTON _ 

0105  NUP=?*L 

01.0.6.. _ _ IF  (NUP...GT »K!)  .MUP-N . . J _ 

0107  C  ASSIGN  CRFWS  TO  AIRCRAFT 

0.1.J0B _ .5.00..  DO..501 _ XL-IjNI'P _  _ 


0 1  OP  IF  (NCTFMP.LP  .0)  r,0  TO  502 

Oil') _ MCUT)  =  NCUT)  *_1 _ _ _ 

0111  501  NCTFMP  =  kjcTFMP-1 

QJUL? _ IF  ,lMLI£MP.*j5LJ).l_QO..IQ_*5j£LQ _ 

0113  502  TX5  =  0 

0114 _  FN  ~  60. »C  FNO_ _ _ _ 

Oils  TA  a 

(ILL'S _ OO  503  T J=  1  <  NIJP _ 

0117  IFUJ.5T.L1  GO  TO  504 

OILS-.- _ 1X5=1  X5*  AM  TNI  <EN»NC(  L  Jl_s  J  A- 61  I J ) )  / JB *C> _ _ _ 

01  19  GO  TO  503 

0.120 _ _  504 _ TX5=TX5*flMTNl  <FN*NC<  T  J)  -D.TA-O-A  ( T  J)  )/(R»C) _ _ 

0121  503  CONTINUE 

01  ?? _ TX5T  s  ?» T X  5-SUMP _ 

0123  !X?=0 

DL24 _ Q.O-AOJ). . 1  =  1.1  B _ 

0125  600  TX?=IX2*  (TA-AU)  >/<FUC> 

0L2j6 _ C  IX?  15  THF  MAXIMUM  NUMBER  QF  CHQ  TRIPS  THAT  CAN  Rfc*  M40£  j£_ 

0127  C  FACH  PLANF  HAS  A  LOAOFR *  IX?  IS  HOT  USED  IN  FINDING  THF 

0L28 _ C_  _  VAUIF  OF  .7. _ LLJ£..IHE_U£P£R.-B0.UMD._0^-IHE_.C1..1J).E5 _ 

0129  C  IX3T,  THF  MAXIMUM  NUMBER  OF  PADS  THAT  CAN  RF  FILl.FD  RY 

0130 _ C _ PUMPS  AT  THF  S££N£. _ _ _ __  _ 

0131  c  1X5  IS  THF  MAXIMUM  NUMRFR  OF  C130  TRIPS  THAT  CAN  RE  MADE  DU>  TO 

013?  C  THF  NUMRFP  OF  C130»S.  ATP  CRFWS.  AND  LOADERS _ _ _ 

0133  TX?R=2*IX?-SUMP 

0134  PR  TNT  827 _ 

0135  827  FORMAT(lH0.3'0X.?4HUNC0NSTRATNFD  C130  TPJPS) 

OI. 36 _ PR  TNT  R25.IX? _ _ ■ _ 

0137  825  FORMAT (1SX.7H  IX?  =,I5.19H  C130  TRIPS  AT  RFST) 

0138 _ PRINT  831  ♦  I  X?B _ ... _ _ __ _ 

0139  831  FORMAT ( 1 SX . 7H  IX2B  =.T5,30H  BAGS  FILLED  IF  NO  CONSTRAINTS) 

dl40 _ EP_=_E2±MJ _ 

0141  FPKG2  a  A (1) ♦  R+FP 

0142 _ FPK.G.l  .  =.  £P(<GZ^»H1 _ _ _ _ _ 

0143  FPKG3  =  FP*F 

OJ 4.4 _ BAG1  =  A(1)*R»U _ ; _ 

014S  IX3T  =  0" 

0146 _ IF  (Ml  .FO.O.OP.Q1  .FO.O.  )  GO  TO  200 _ 

0147  IX3T=MAX1 (0.» ( 1440  «- A ( 1 ) -R-F2-3  »*H1 ) /R) 

Q.1AB _ TFIM1.NF.2  L_GO  _TO  „?j)  0 _ 

0149  TFIOl.FO.l.)  GO  TO  201 

OJ. 50 _ I X 3T=  TX3T+MAX1  (0 . . <  1  440. -AMAX1  (FPKG3<  AMAX1  (FPK02.  RAG1 )  JJ ZB) 

0151  GO  TO  200 

015.2 _ ZSl  1—  T x 3 T ' -  I X3T*  MAXI  (0...J  n440.-FPKGl-2.tt5frHl)/R) _ 

0153  200  IFfOl.NF.O.)  GO  TO  300 

0154 _ TF  ( 052. £0,0  t,OR,M L, FO.O)  GQ  TO  300  _ 

0155  FPKG4  =  F?*F*  j l,#H5?-4» *HS?#05? 

0.156 _ TX3T=IX3T*MAX1  (0.,  (1440. -AM  A  XI  (  FPKG4  .BAG!  )  )  /P)  _ _ 

-0157  IF(M1.NF.2>  GO  TO  300 

0158 _ FPKG5  =  F?»F*?5.»H5?-9,ffHS?oQ5?»(3  .-05?)»S»H5? _ 

0159  TX3T=TX3T*MAXi (0.. (1440.-FPKG5) /R) 

0160 _ 30.0 _ TF  (M2. FO.O. OR. 02. £0,  0 . )  GO  TO  400 _ 

016]  FPKG6  =  F?.F*H? 

0J6?_ _ _ _ TX3TgTX3T+MAXl  ( 0 .  .  <  1  44Q .  -t.<  ■  -  y  ]  (rPKpS  .RAOl)  L/R)  _ _ 
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oig.i  tf<m?.fo.1)  go  to  400 

01.64  _ FFKG?  =-EPKG.ii*2.«H2  ..... 

0165  RAG?  =  RAG1 


11*6  . _ !£_(.?..(  1  >.«_NE  4.0.«  )  _B  AG2=aAG2*R.t£ _ _ .» 

0167  TRAG?=RAG2*1  .  1 

0168  _ TE  fJN.NE  -  1)  _TRAG?=A  f  ?) *R  *11 _  \ 

0169  TX3T=IX3T*MAX} (0 , , ( 1440 .-AMAX1 (EPKG7, AMINl <RAG2,TRAG2) ) ) /R) 

9170  MO _ QQ_M1.JL=L*N _ j 

4  i  7  1  I RUM  a (1440. ♦C-Fl -A < |>- <8*C >* <P ( I ) ♦! » )/?. ) »P ( I )/R 

Q 1 7  j>_. . . . . IF  .(.ID.U.M  .GEM  l_.Ga  — T0_  .4 .0.1 _ I 

0173  PRINT  812, I » TDUM 

Q.l  74 _ B  l?,....  FORM (AT  JJ5X.  .ID.UM_sjs.I5.) _ _ 

0175  inUM=0 

Q.I.7.6 _ 40.1 _ H3.L-iyj3Xt.lQUM _ 

0177  C  TX1T  IS  THF  NUMRER  OF  RAGS  THAT  CAN  RE  FILLED  DUE  TO  C-130  ANO 

1178 _ CL.LOAQ.ER— CDN.SI.9A  INIS* _ _ _ • 

0179  C  1X1  IS  THE  MAXIMUM  NUMRER  OF  EFFECTIVE  PLANE  LOADS  IN  24  HOURS. 

0.180 _ C...IX3.T I S THE.  NJJMR EEL_OE_  RAG S._TH  A  T _CA N.  BE..  E ILL ED-DUE.. TQ...E..PKG CONSTRAIN'  ; 

01R1  C  Z  IS  THE  MAXIMUM  NUMRER  OF  RAGS  THAT  CAN  RE  FILLER  IN  P4  HOURS. 

0122 _ 1X11=2  LIXJ..MUME _ — _ _ ' 

0183  C  I X5T  =  MAX  NUMRER  RAGS  THAT  CAN  RE  FILLED  DUF  TO  C130  CRFW  CONSTRAIN 

0 12  4 _ 7  =  AMT  NOT  IXIT.JX  31*1X51) _ 

01 RS  PRINT  826 

01  R6_ _ B2  6— F.O  R  M  A  T-(  l-H  0*3 IX  *.  1?  H  IN  PJ.1Z._V  A  L1J  ES= ) - ' 

0 1 fl7  PRINT  ROB. I  ,N 


01  88 

PR  TNT  840.NCRFW  . 

0189 

0190 

840 

FORMAT ( ?H  .11X.RH  NCRFW  =,?X,T3,9H  AIRCREWS) 

PR  TNT  P41.CFN0  . 

1 

j 

1 

0191 

01R? 

841 

FORMAT (?H  *11X,?3H  CRFW  ENDURANCE  *  CEND  =,F5.?»6H  HOURS) 

PRINT  84?  »  EN  .  . . . .  . . 

; 

0193 

0194 

842 

FORMAT  f  ?H  ,?6X,3H  0R«E10,?.8H  MINUTES) 

PRINT  850 

_!f 

019S 

0196 

8S0 

FORMAT  (1  HO » 14X,5HC-130*5X*7HSTANDRV.3X,6HNUMRFP*4X*6HNUMRFR) 
PRTNT  851 

i 

i 

0197 

0 1  9R 

8S1 

FORMAT  n5X.6HNUMRER.5X. 4HT IMF* 6X*4HCREW*6X,4HFPKG) 

PRINT  85? 

<; 

0199 

OPOO 

8S2 

FOOMAT<17X,1HT,BX.4HA<T) *6X.5HNC(T) »5X,4HP(T)) 

DO  853  TK=1,N 

j 

' 

0201 

020? 

8S3 

R54 

PRINT  854. IK.A (TK) *NC(TK) *R (IK) 

FORMAT ( 1 6X , T?«8X,E5.0,6X*T  2 , 6X  »E5«  0)  _  _ 

;  j 

0203 

0204 

PR  TNT  RSS 

855  FOPMAT(  1H0*17X*4H!  0A0.6X ,4HHFL0*4X ,7HPUMPING)  _ 

:  ; 

020S 

0P06 

856 

PRTNT  856 

FORMAT ( 1 8X.5HC-1 30 ,  5 X , 5H5TDRY , 5X , 4 HR ATE ) 

0207 

020  Q_ 

057 

PRTNT  857 ♦  D » F  ♦  R 

FORMAT ( 11 X.3E) 0.0) 

0209 

021  0 

_  858  ^ 

PRTNT  858 

FOPMAT(lHO,18X,?HEl,8X,?HE?,RX,lHU) 

) 

0211 

021  2 

PRTNT  8R7, El, F2» U 

PRTNT  802, Ml 

0213 

0214 

PRINT  803, M? 

PRTNT  804,01 

.  * 

0?1  S 
0216 _ 

PRTNT  805, OP 

PRTNT  806,05? 

i 

i 
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op 1 7  PRINT  ft  1  3  »  0  F 

0?J_ft _ ftj  3 _ FQPMAT(I5X,SM  DF  =,F10.?«?5H  MTLFS  FROM  £CAS  JO.SCfNfU _ 

0219  PRINT  014,01 

0.229. _ flliL_  E.Q.P.M A  T  _( 13.  X » 5 y_D.l _ = ,  EJ.  Q  •  2 , 2  4  H.„  M I L  E  5  _ .  E.R  0  M  _Hp.l.  TO.  SCENE )  ._ _ _ _ 

0221  PRINT  ftl5,n? 

0 !?_?£ _ miS  FdwmA  i  n Sx ,5h  try  m t i  fs  from  hf?  jo  >ctNE)  _ _ _ _ 

0223  PRINT  ft  1ft, ft 

0224 _ ft  1  6 _ FORMAT  (1  5X_, 5H  S_  =,F10.?«?3H  ftAI  VAOF  TFAMS  OF_4_MFN)__ 

0225  PRINT  ft  1 7 ,  ftl  )MP  '  . 

0 LRPJl _ 817  .form a T  (JSX, 7H..SI. IMP  _=  ,£« . ? , 23K  £-1.3 0  ...DEL  I.VF.R  ED.  E.  pKOft ) _ 

0227  PRINT  flPft 

p2_2ft _ ft28  FORMAT  ( 1  HO  »  31  X  »  7H0UTPtJT  =  )  _ ‘ _ 

ff??9  PRINT  ft  1 9 , RHO 

0230 _ ftl 9 _ FORMAT (1ftX,A?H  AVERAGE  FACILITY  UftAOF  FOR  LOAQFRft , RHO  =,F10.P) 

0231  PRINT  ft 2 0 , R AO l 

0.23.2 _ a2.Q.._EORM AT  U5_X.,.4.?1L.E  LRS.T..R.AG  .R.E.AO  Y  ..E OR .CONNECT I N6 _AT.  RAG  1.  ♦  E 1 0 . 2 ) 

0233  PRINT  ft  1  ft , I X 1 

02J34 _ ftlft _ FORMAT  USX, 44H  rnO_TRJPS  MAX  f Cl  30  ,LDR_£ONSTP ATNTS  »  I  X  ]  =_  ,  151 

0235  PRINT  843,1X5 

Q23JS _ .8.4.3 _ L0pHAX(JJFXt44i±..c£l!LJ£J£S_M4XJMFLXR.E.W..._C.aN  5  TpAJ.NI.t_i.X  5_  = _ J 5j. _ 

0237  PRINT  fl44 , T X5T 

OEM _ J4^_F0mAJ„a5Ji(  j  44M.  ..24_.HR  _.B AG....M  AXJ..A.I  _R  ..C.R.FW...CQNSXR  AJ.NT.  t..._I.X  5.1. ,.15 )... . . 

0239  PRINT  R21 *  T  X 1 T 

02M _ 92.1 _ EQ.BMAIU5.X  t  . 4.4 H...2.4...  .HR.. JAG_M AX. I C 1 .3  0.».L D  9.  .C.0.MS  JR  AIN  T.S  ,..J.X  1..T.  » J.5. ) . . 

0241  PR  TNT  ft?2 , 1 X3T 

Q24t2. _ 922._E.CL^.AU.I.5.1?44H_24_.JdnjArI..MM.m!i^Pi.HELa..lD.N5..TPAlN.15.tIJ<3.T.=  ._»15J 

0243  PRINT  A23,7 

024.4 _ 92.3__EQR.MAJiliiRa«X_,.3..Rj±TME^.A.X..IMJJ^.Nl!mER^oil.BAGS...£JLLED.t7 =jlF.1..0.,  0)._. 

0245  GO  TO  2 

0246_ _ 95.9. _ PRINT  ft?4 _ _ _ _ _ _ _ 

0247  024  FORMAT ( 15X, 12H  RUN  AB0PTED) 

024ft  2  _ CONTINUE _ 

0249  STOP 

0250 _ FND _ 
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APPENDI  y  D 


or  ASS  ARY 

A  ( I)  Standby  of  the  Ith  C-130.  It  inducing  air  crew  and  aircraft  standby, 

rail  installation  time,  tine  required  to  notify  the  air  station,  and  the 
tine  to  start  response.  A(T)  is  defined  in  the  order  the  C-130' s  become 
available;  hence,  A(l)SA(2)4A(I)iA(I+l)iA(N). 

ADAPTS  The  acronym  used  for  the  Air  Deliverable  Anti-Pollution  Transfer 
System.  It  is  described  in  clianter  1. 

B  The  time  required  to  load  a  C-130,  fly  it  to  the  scene  and  drop  a  load 
of  two  packages.  Loading  time  includes  fueling  time  for  the  C-130.  B  = 
D+20+60*  DE/270 

C  Hie  time  required  to  fly  the  C-130  back  for  the  scene  to  ECAS. 

C  =  60*DE/29O 

CEND  The  allowable  flight  time  for  C-130  air  crews,  the  Crev;  EN Durance . 
CHECK1  A  keying  variable  used  to  call  for  input  data  checks;  a  value  of 
1.0  calls  for  the  checking. 

D  The  time  required  to  load  a  C-130,  standardized  at  90  minutes  using  a 
25K  loader  and  120  minutes  using  a  makeshift  loader. 

DE  The  distance  from  ECAS  to  the  scene  in  nautical  miles 

D1  The  distance  from  HP1  to  the  scene  in  nautical  miles. 

✓ 

D2  The  distance  from  HP2  to  the  scene  in  nautical  miles. 

El  The  set  up  time  for  a  C-130  delivered  E  pkg,  it  is  the  lapsed  time  from 
the  completion  of  the  drop  to  the  time  the  pump  is  ready  for  use.  It  is 
standardized  at  75  minutes. 

E2  The  set  up  time  for  a  he’1 1 . '  '1"'n7erod  E  pkg,'  it  is  the  ] nosed  time 
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from  the  unloading  of  the  helicooter  to  the  time  the  punm  is  ready  for  use. 
It  is  standardized  at  20  irinutes. 

EGAS  Elizabeth  City  Air  Station  in  North  Carolina.  The  only  Coast  Guard 
Air  Station  on  tne  East  Coast  equipped  with  C-130's. 

E  pkg  Hie  package  of  equipment  used  in  the  ADAPTS  system  to  pump  oil  into 
the  folding  tanks.  It  is  packaged  for  dropping  from  a  C-130  or  for  delivery 
by  a  helicopter  and  it  includes  an  hld,  pump,  prime  mover,  and  fuel. 

P  The  standby  time  of  1st  helicopter.  It  includes'  air  crew  and  helicopter 
standby,  sling  installation,  loading  time,  and  the  time  required  to  notify 
the  Coast  Guard  and  to  start  response. 

HI  A  standardized  helicopter  trip  time  for  HRL  using  HH-3E's.  The  average 
of  30+10+60*Dl./115  and  30+60#Dl/125  where  the  loading,  refueling,  unloading, 
time  to  fly  to  scene,  and  the  returning  from  the  scene  are  all  included. 

HI  -  32+D1/2  minutes 

H2  A  standardized  helicopter  trip  time  for  HP2  using  HH-3F's. 

H2  =  32+D2/2  minutes;  it  is  the  one  way  trip  time. 

H52  A  standardized  helicopter  trip  time  for  HP1  using  HH-52A's. 

H52  =  30+2*Dl/3  minutes;  it  is  the  one  way  trip  time. 

HLD  The  acronym  for  the  A  frame  used  in  ADAPTS.  It  is  used  to  haul  in  the 
E  pkgs  and  the  T  pkgs;  it  has  a  manual  winch  and  tie  down  lines. 

HP1  The  symbol  used  to  designate  the  Coast  Guard  Air  Station  nearest  to  the 
scene  of  distress  from  which  helicopter  are  flown. 

HP2  The  symbol  used  to  designate  the  next  nearest  air  station  from  which 
helicopters  are  flown  to  the  scene  of  distress. 

Incident  See  Pollution  Incident, 

IX1T  The  number  of  tanks  that  can  be  filled  in  2^  hours  due  to  C-130  and 
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C-130  loader  constraints.  1X1  is  the  correspond! ng  number  of  C-130  trips. 

1X2  The  maximum  number  of  plane  loads  that  can  be  delivered  due  to  the 
nunber  of  C-130' s  without  regard  to  ocher  constraints. 

IX3T  The  number  of  tanks  that  can  be  filled  in  24  hours  by  the  pumps 
constrained  by  the  method  of  delivery  and  the  number  of  helicopters . 

IX5T  The  number  of  tanks  that  can  be  filled  due  to  C-130,  C-130  loader, 
and  C-130  air  crew  constraints.  1X5  is  the  corresponding  number  of  C-130 
trips  in  24  hours. 

Ml  The  number  c r  E  pkgs  at  HP1,  Ml  =  0,1,2 
M2  The  number  of  E  pkgs  at  HP2,  M2  =  0,1,2 
N  The  number  of  C-130's. 

NC(I)  The  number  of  air  crews  assigned  to  the  1th  1-30. 

NCREW  The  nuniber  of  air  crews  available  to  fly  C-130' s. 

NJOB  The  nuniber  of  data  decks  being  run  in  the  FORTRAN  model. 

P(I)  The  number  of  E  pkgs  delivered  by  the  Ith  C-130. 

Pollution  Incident  The  Imminent  threat  of  a  spill  or  a  spill  of  such  magni¬ 
tude  or  significance  as  to  require  immediate  response  to  r  cleanup 

or  dispose  of  the  material  (oil)  to  prevent  a  substantial  uireat  to  public 
health  or  welfare  including  finfish,  shellfish,  or  other  wildlife  and  shore¬ 
lines  and  beaches. 

Potential  Spill  Any  accident  or  other  circumstance  which  threatens  to  result 
in  the  discharge  of  oil  or  other  hazardous  substance.  A  potential  soill  can 
be  classified  as  minor,  moderate,  or  major. 

Q1  The  number  of  !H3F's  at  HP1.  Q1  =  0,1,2 

Q2  The  number  of  HH3F's  at  HP2.  Q2  =  0,1 
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ZB?  The  number  of  HH52A's  at  HU.  05?  -  0,],  2 

R  IVie  tank  filling  rate,  standardised  at  120  mi nutes  Hl’i n( ;  time  plus  hookup 
time.  It  equals  i.Ji  minutes  it'  manifolds  are  aval  Janie  ana  it  eciuals  I‘i«» 
minutes  if  no  manifolds  are  available. 

Rho  or  RHO  The  Facility  Utilization  Factor  for  the  C-130  loaders. 

S  Tlie  number  cf  four  man  salvage  teams. 

SUMP  The  total  number  of  E  pkgs  delivered  by  C-130' s. 


1=1 

T  pkg  Tine  pactege  designed  for  air  dropping  from  a  C-130  containing  a  folded 
rubber  tank  of  500  tons  of  oil  capacity.  It  also  contains  hose  and  an  anchor. 
The  tank  is  sometimes  referred  to  as  a  bag. 

U  The  time  lapse  between  the  entry  of  the  T  pkg  into  the  water  and  the  time 
that  the  hose  end  is  at  the  distressed  tanker.  It  is  standardized  at  Jt0  minuter 
when  using  an  HLDl  arid  at  12  rlnutes  when  using  a  helicopter  tow  to  bring  the 
hose  end  to  the  tanker.  These  times  are  based  upon  a  distance  of  100  yards  from 
the  anchored  tank  to  the  distressed  tanker. 

Z#  The  maximum  number  of  tanks  that  can  be  filled  in  2h  hours. 
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APPENDIX  C 


SAMPLE  ADAPTS  PROBLEM 


DATA  SFT  NUmrfr  3 


UNCONSTRAINED  C130  TRIPS 


—LX  2  _ 2.4—C130  _TfiXPS__AT_BEST _ 

IXfiR  =  46,  BAGS  TTLLFO  TF  NO  CONSTRAINTS 


TNRIJT  VALUES^. 

_ L-_= _ ?  I  OADFPS  AND  N  =  Tj.1  30«S 

NCRFW  =  3  AIRCREWS  "-Sa 

J^EW_.FhQUPANCE.i__CE.ND_=lfi.Ofl_HOLJfigt _ 

OR  720.00  MTNUTfiS 


C-130  STANORY  NUMRrR  NliMRFR 

.MUMfiER. _ LLM£ _ CfiFW _ _  FPKG _ 

1  A ( I )  NC ( I )  P(I) 

_ I _ _ L3_. _ 1 _ X. _ 

2  R8.  1  1. 

_ 3 _ 8JL. _ 1 _ 0. _ 

_ LOAD _ HELP _ ElIMP.ma _ 

C-130  STORY  RATE 

_ 9.0. _ 4JL. _ L2±.» _ 

_ Ej _ E? _ U. _ 

«0.  20.  40* 

Ml  a  ?  FQU TPMFNT  PA CKAGFS  AT  HP1 _ 

M2  =  ?  FOUIPMFNT  PACKAGES  AT  HP? 

_<LL_? _ 2*JL  JMr3££5__AJ„y  PJL _ 

Q2  =  1.0  HH~3F*S  AT  HP? 

_Q 52.  -  0.0  H H -5?A»S  AT  NP1 _ 

DE  =  .95.00  MILFS  FROM  FCAS  Tn  SCFNF 

— _ ES_«.,Q.Q_M  T  L£S_.F  p  QM_E)  p_I_T  o_SJC  EN£._ 

0?  =  45.00  MTLFS  FROM  HP?  TO  SCFNF 

_ S_  _= _ 6.0  0  SA !_  V.  A  G  F_  TF  AMS  0  F  4  MFM 

SUMP  =  2.00  C-130  DELIVERER  f  pkgs 


OUTPUT = 

AVFPAGF  FACILITY  I JS A.GF _ FOR  1_0 AnFR5_iPHQ _ = _ 0.9? 

FIRST  RAG  PFADY  FOfi'  CONNFCT IMG  AT  RAG1  -  1R1.B9 

£1 3  0  TRIPS  MAX  tCl  30  *1.0  R_  C  Q  NS  I  PA  INIS.  jIA  1  _  = _ 24_ _ 

Cl  30  TRIPS  MAX  S ATP  CRFW  CONSTRAINT*  1X5  =  1? 

24  HR  RAG  M  A  X  t  A  T  R  CRFW  .  CONSTR  A  JNT  *_  .1  XST  _* _ ?? _ 

24  HR  RAG  M ax  ?  Cl  30  *  LDR  CONSTRAINTS* TX1T  =  46 

-24 — H R — RAG _ MAXSJPJJ.MR *HELQ  CONSTRAINTS. TX3T=  S5 _ 

- THE.-MA X  I  Ml  i  •>  ■  ..DAGS - F I LLFD ? 7  _ 22 .. 
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APPENDIX  D 


FORMAT  FOR  INPUT  OF  DATA 


Data  is  entered  into  the  FORTRAN  model  in  sets  preceeded  by 
a  single  card  with  the  variable  NJOB  on  it  (format  statement  Qnn). 


NJOB  is  the  number  of  data  sets  being  investigated  during  the  cur¬ 
rent  computer  run  of  the  model . 

Each  data  deck  consists  of  five  cards  using  format  statements: 
Card  Format  Statement  Numbers  on  Card 


1 

2 

3 

4 

5 


904 

901 

901 

902 

903 


N,  NCREW,  CEND 

A(I),  I  =  I,  N 

P(I),  I  ■  1.  N 

DE,  D1 ,  D2,  Q1 ,  Q2 ,  Q52, 
Ml,  M2,  CHECK! 

L,  S,  D,  El,  E2,  F,  R,  U 
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